Abstract Aging is associated with decline in cardiovascular, autonomic function, and brain-derived neurotropic factor (BDNF). Reports are scanty regarding whether yoga can improve age-related degenerative changes in healthy active men. This study is designed to appraise the role of yoga in improving age-related degenerative changes in cardiometabolic risk profile, autonomic function, stress, and BDNF. Healthy active males of three age groups (20-29, 30-39, and 40-49 years) were randomly assigned to practice yoga daily 1 h for 3 months. Significantly higher values of heart rate (HR), blood pressure (BP), load in heart (DoP), myocardial oxygen consumption (RPP), and total cholesterol (TC) were noted in senior age group. HR, BP, DoP, RPP, and TC decreased significantly following yogic practice. High frequency (HF), total power (TP), all time domain variables of heart rate variability (HRV), and skin conductance (SC) were significantly decreased with advancement of age. HF, TP, and time domain parameters of HRV and SC increased significantly following yogic practice. Higher levels of catecholamines and low frequency (LF) power of HRV was noted with advancement of age. Levels of catecholamines and LF significantly decreased following yogic practice. Cortisol and adrenocorticotropic hormone (ACTH) level raised in senior age group. BDNF, serotonin, and dopamine were low in higher age group. Significant decrement of cortisol; ACTH; and increment in serotonin, dopamine, and BDNF was noted following yogic practice. This study revealed that yogic practices might help in the prevention of age-related degeneration by changing cardiometabolic risk factors, autonomic function, and BDNF in healthy male.
Introduction
There are many theories to explain the aging phenomenon; among these most widely accepted biological theories are (1) wear and tear theory, (2) neuro-endocrine theory, (3) genetic control theory, (4) free radical theory, (5) mitochondrial theory, (6) waste accumulation theory, and (7) telomerase theory (Frisard and Ravussin 2006; Farley et al. 2006; Steen 2001; Burzynski 2005; Viña et al. 2007; Alexeyev et al. 2004; Terman 2006; Bekaert et al. 2005) . The above-mentioned theories can explain physiological changes, which occurs with advancement of age. Cardiovascular aging in terms of decline in maximum heart rate, oxygen extraction, aerobic capacity, arterial stiffening, vasoconstriction, elevated systolic blood pressure, thickening of the left ventricle wall, reduced diastolic filling rate, impaired cardiac reserve, alterations in heart rate rhythm, and prolonged cardiac action potential were described earlier by different researcher (Landahl et al. 1986; Reardon and Malik 1996; Jensen-Ustad et al. 1997) . Aging was found to be directly associated with structural and functional changes in autonomic nervous system (ANS). Changes were found in autonomic nerves and ganglia. Recording from sympathetic nerves of skeletal muscle also revealed significant changes. Researchers suggested that aging might enhance basal norepinephrine level and depress heart rate variability (Shimazu et al. 2005; Reardon and Malik 1996; Jensen-Ustad et al. 1997 ). Brain-derived neurotropic factor (BDNF), a potent marker of adult neurogenesis and cognitive performance, declines with aging (Erickson et al. 2010) . Age-related changes in levels of cortisol, adrenocorticotropic hormone, dehydroepiandrosterone (DHEA) and of its sulfate (DHEAS), serotonin, and dopamine have been reported in literatures (Kuzina et al. 2010; Garau et al. 2006 and Yonezawa et al. 1989; Dreher et al. 2008) . Electrical flux has beneficial role to prevent any wound-and agerelated emotions and has negative correlation with age (Barontini et al. 1997) . Early studies had implicated aging decrements in conditioning of skin conductance (SC) responses (Botwinick and Kornetsky 1960) .
Physical training and/or regular moderate exercise has profound effect on nervous system, cardiovascular system, respiratory system, and metabolism (Leosco et al. 2013; Kirk-Sanchez and McGough 2014; Fahri 2010) . Physical training is beneficial for physical and mental health improvement and it has rejuvenating effect on brain development in terms of moods, behavior, stress, anxiety, cognitive performance, levels of BDNF, and social interpersonal interactions (Leosco et al 2013; Kirk-Sanchez and McGough 2014; Tapp and Signorile 2014) . Physical training or exercise is beneficial beyond doubt, but it needs more space and good health to perform exercise. Adverse environmental conditions like extreme cold, extreme heat, and rains limit outdoor exercise. Specific exercise can be performed with electronic devices at home or gym, which is costly. Furthermore, studies comparing the effects of yoga and exercise seem to indicate that, in both healthy and disease population, yoga may be as effective or better than exercise at improving a variety of health-related outcome measures such as heart rate variability (HRV; Bowman et al. 1997) , cognitive performance (Gothe et al. 2013 ), blood glucose (Gordon et al. 2008; Singh et al. 2008 ), blood lipids (Singh et al. 2008) , salivary cortisol (Smith et al. 2011) , and oxidative stress (Sinha et al. 2007) . Except all these, yoga is helpful for improving subjective measures of fatigue (Oken et al. 2004 (Oken et al. , 2006 , pain, and sleep in healthy and ill population (Yurkuran et al. 2007) . Yoga can improve cardiovascular system by decreasing heart rate and blood pressure (Selvamurthy et al. 1998 ). Yogic practice is helpful for improving heart rate variability components such as low frequency band (LF), high frequency band (HF), and LF/HF in healthy males and females (Huang et al. 2013; Papp et al. 2013) . Hatha yoga practice may be associated with the promotion of neuroplasticity changes in brain systems such as increase gray matter volume (Froeliger et al. 2012 ) and levels of circulating BDNF in depressed patients (Naveen et al 2013) . Yogic practice has advantageous role to modulate stress response systems by reducing perceived stress and anxiety (Smith et al. 2007) .
Studies regarding the role of yoga on BDNF, catecholamines, and HRV on healthy active males has rarely been reported. In addition to that, the effect of yogic practice on age revealed degenerative changes in cardiometabolic risk factor, HRV, circulating BDNF, catecholamines, and stress hormones of physically active males has not been assessed earlier. We tested on healthy physically active population of different age groups a hypothesis that advancement of age has degenerative effects and yogic practice have beneficial role to improve age-related changes on cardiometabolic risk profile (i.e., body weight, body mass index, heart rate, blood pressure, load on the heart, myocardial oxygen consumption, and lipid profile), autonomic nervous system (i.e., HRV, epinephrine, and norepinephrine), circulating levels of BDNF, serotonin, dopamine, and stress hormones of physically active men.
Material and methods

Study volunteers
A total of 124 healthy physically active male volunteers of age ranged 20-50 years old were randomly selected and divided into three different age groups, viz. 20-29, 30-39, and 40-50 years old designated as groups A, B, and C, respectively. Twenty volunteers did not match with any of these age groups, so they were excluded from the study. Among 104 volunteers, groups A, B, and C were comprised of 25, 42, and 37 volunteers, respectively. Thirty-nine participants/volunteers did not match inclusion criteria. Among them, we randomly assign 20 volunteers in each group. Participant's selection has been summarized in Fig. 1 . Physical characteristics of the participants are summarized in Table 1 . Participants were undergoing similar physical activity and food intake.
Inclusion criteria included (1) normal healthy and physically active male; (2) absence of disease which could have contributed to obesity, hypertension, and neurological disorders; (3) not in medication; (4) no prior knowledge of yoga; and (5) smokers, alcoholics, and tobacco eaters were excluded from study.
Design of the study
This is a longitudinal study of three different age groups. The study protocol has been summarized in Fig. 1 . In addition to their routine activities, participants practiced yogasana, pranayama, and meditation daily for 1 h, 6 days a week, for a period of 3 months in the morning with ambient temperature under supervision of qualified yoga instructor. Yoga protocol has been summarized in Table 2 and Fig. 2 . Anthropometric and physiological parameters of the participants were recorded in the field laboratory. Ambient room temperature and relative humidity varied from 22-24°C and 40-50 %, respectively, during the period of anthropometric and physiological data collection and blood sample collection. Blood samples were collected in the morning after overnight fasting before and after 3 months yogic practice for biochemical estimation.
Anthropometric measurements
Anthropometric variables of the volunteers were measured with minimal clothing (only inner wears). Body weight (BW) in kilograms was recorded using an electronic weighing machine (Delmar, India) with least count of 0.1 kg. Standing height from the sole of the feet to the vertex in erect body position was measured in centimeters using anthropometric rod. Body mass index (BMI) was calculated as the ratio of weight to height in meter squared (kg/m 2 ).
Resting physiological parameters
Resting heart rate and blood pressure Resting heart rate (HR) and blood pressure (BP) was recorded using Omron automatic blood pressure monitor model HEM-7111 (Omron Healthcare Singapore PTE LTD. Singapore, Japan). Pulse pressure (PP) was calculated as difference between systolic blood pressure (SBP) and diastolic blood pressure (DBP). Mean blood pressure (MBP) was calculated as DP+1/3 PP. Double product (DoP) is an easily measurable index of load in the heart, and rate pressure product (RPP) is an easily measurable index of myocardial oxygen consumption, which were measured using heart rate and blood pressure (Gobel et al. 1978) . RPP was calculated as SBP×HR. DoP was calculated as MBP×HR. The value of DoP was expressed as mmHg beats per minute (bpm) and value of RPP was expressed as mmHg bpm.
Resting heart rate variability HRV was measured using Biograph Physiological Suite, from the raw electrocardiogram (ECG) recorded on Procomp® Infiniti Polygraph system (Thought Technology Limited, Canada) in fully resting and lying condition for 5 min after getting electrocardiographic baseline. R-R interval (time duration between two consecutive R waves of ECG) was used for HRV analysis. A careful manual editing was performed using Kubios HRV analysis 2.0 software (Biosignal Analysis and Medical Imaging Group, University of Eastern Finland, Finland) by visual inspection to mark the peaks. This was to remove artifacts as well as insert missing peaks or delete false peaks and artifacts. Analysis of the detected RR waveform was carried out in three domains-time domain, frequency domain, and nonlinear analysis. Kubios HRV calculates time domain matrices like mean of RR interval (mean RR), standard deviation of RR interval (SDNN), square root of mean of the sum of squares of different between adjustment RR interval (RMSSD), percent difference between adjacent RR intervals that are greater than 50 ms (pNN50), and frequency domain matrices like LF, HF, LF/HF, and total power (TP).
Skin conductance
SC was measured using biograph physiological monitoring suite, recorded on hardware Procomp® Infiniti Polygraph system (Thought Technology Limited) in fully resting and lying condition.
Biochemical estimation
Collection of samples
Blood samples of volunteers were collected from an antecubital vein in ethylene diamino tetra acetic acid (EDTA)-treated vial in morning in resting condition after overnight fasting. Volunteers were advised not to take alcohol or tobacco and smoke within 12 h prior to blood collection. The blood samples were centrifuged at 1,000×g for 15 min to collect plasma. Samples were maintained at −20°C at a field location and stored them at −80°C until assayed in laboratory.
Lipid profile
Total cholesterol (TC), total triglyceride (TG), highdensity lipoprotein-cholesterol (HDL-cholesterol) and low-density lipoprotein (LDL-cholesterol) were measured by using commercially available diagnostics kits (Giesse Diagnostics Snc, Italy). Intensity of color was 
Norepinephrine
Norepinephrine (NE) levels were measured from plasma using a Labor Diagnostika Nord kit (Cat No BA E-6200, Labor Diagnostika Nord Gmb & Co. KG).
Absorbance was read using microplate reader (Model Versa max , Molecular Device).
Dopamine
Dopamine was measured from plasma using Labor Diagnostika Nord kit (Cat No BA E-6200, Labor Diagnostika Nord Gmb & Co. KG). Absorbance was read using microplate reader (Model Versa max , Molecular Device).
Serotonin
Serotonin was measured from plasma using Labor Diagnostika Nord kit (Cat No BA E-6200, Labor Diagnostika Nord Gmb & Co. KG). Absorbance was read using microplate reader (Model Versa max , Molecular Device).
Cortisol
Cortisol was measured in plasma using the Cayman Kit (Cat No. 500360, Cayman Chemical Laboratories, USA). Absorbance was read using microplate reader (Model Versa max , Molecular Device).
Adrenocorticotropic hormone
Adrenocorticotropic hormone (ACTH) was estimated from plasma using DRG ELISA kit (cat No. EIA-3647, DRG International Inc, USA). Absorbance was read using microplate reader (Model Versa max , Molecular Device).
Brain-derived neurotropic factor
BDNF was measured from plasma using the Syd Lab ELISA kit (Cat No EK000004-EK0307, Syd Lab Inc, Boston, MA, USA). Absorbance was read using microplate reader (Model Versa max , Molecular Device).
Statistical analysis
Linear regression was carried out to evaluate the correlation between age and other variables. Significant level was set at p value of <0.05. All intergroup comparisons were done by one-way ANOVA. When significant differences were found, Tukey-Kramer'a multiple comparisons tests were done as post hoc analysis. Comparison of data of before and after yogic practice in each group was made using paired "t" test. All the statistics was performed using SPSS version 17.0 for windows (SPSS Software, IBM Corporation, USA). Data shown in the tables are mean±standard error of mean (SEM).
Results
Anthropometric parameters
Significant positive correlation was found between BW and age before (p<0.001, r=0.442) and after (p<0.01, r=0.369) yogic practice ( Fig. 3a) . BW was significantly higher in groups B (p<0.01) and C (p<0.001) as compared to group A (Table 1 ). Significant positive correlation was found between BMI and age before (p<0.001, r=0.513) and after (p<0.001, r=0.467) yogic practice ( Fig. 3b) . BMI was significantly higher in groups B (p<0.05) and C (p<0.01) as compared to group A (Table 1) . BW and BMI did not show any significant change following yogic practices in all groups (Table 1) .
Resting physiological variables and cardiometabolic risk factors HR did not show any significant correlation with age before (p=0.06, r=0.238) yogic practice where as it was positively correlated with age after (p<0.01, r=0.406) Correlation between age with anthropometric parameters and metabolic risk factors before and after yogic practice. a Correlation of age with body weight, b correlation of age with body mass index, c correlation of age with heart rate, d correlation of age with systolic blood pressure, e correlation of age with diastolic blood pressure, f correlation of age with mean blood pressure, g correlation of age with double product, h correlation of age with rate pressure product, i correlation of age with total cholesterol, j correlation with triglceride, k correlation of age with high-density lipoprotein cholesterol, and l correlation of age with low density lipoprotein cholesterol 9683, Page 6 of 17 AGE (2014) 36:9683 yogic practice as shown in Fig. 3c . HR reduced significantly (p<0.01) following yogic practice in each age group as depicted in Table 3 . SBP showed a significant positive correlation with age before (p<0.001, r=0.428) and after (p<0.05, r=0.287) yogic practice (Fig. 3d) . SBP was significantly (p<0.01) higher in group C as compared to group A, and SBP reduced significantly (p<0.05) in groups B and C following yogic practice (Table 3 ). Significant positive correlation was found between DBP and age before (p<0.001, r=0.741) and after (p<0.001, r=0.572) yogic practice (Fig. 3e) . DBP was significantly (p<0.001) higher in groups B and C as compared to group A, and it was significantly (p<0.05) more in group C as compared to group B (Table 3) . DBP decreased significantly (p<0.01) following yogic practice in group C (see Table 3 ). MBP showed significantly positive correlation with age before (p<0.001, r=0.694) and after (p<0.001, r=0.591) yogic practice (Fig. 3f) . MBP was significantly (p<0.01) higher in group C as compared to group B (Table 3 ). Significant reduction of MBP was noted in groups B (p<0.01) and C (p<0.01) following yogic practice (Table 3) . A significant positive correlation was noted between DoP and age before (p<0.001, r=0.542) and after (p<0.001, r=0.575) yogic practice (Fig. 3g) . DoP was significantly higher in group C as compared to group A (p<0.001) and as compared to group B (p<0.05; see Table 3 ). DoP decreased significantly following yogic practice in groups A (p<0.01), B (p<0.001), and C (p<0.001) as shown in Table 3 . Significant and positive correlation was found between RPP and age before (p<0.01, r=0.407) and after (p<0.01, r=0.407) yogic practice (Fig. 3h) . RPP was significantly (p<0.001) higher in group C as compared to group A, and RPP was reduced significantly in groups A (p<0.05), B (p<0.001), and C (p<0.001) following yogic practice (Table 3) . Levels of TC were significantly higher in groups B (p <0.01) and C (p<0.001) as compared to group A (Table 3) . Levels of TC decreased significantly following yogic practice in groups B (p<0.05) and C (p<0.01; see Table 3 ). Significant positive correlation was found between age and levels of TC before (p<0.001, r=0.468) and after (p < 0.05, r = 0.243) yogic practice (Fig. 3i ). The present study did not establish any significant correlation between age with TG, HDLcholesterol, and LDL-cholesterol before and after yogic practice (see Fig. 3j -l); insignificant change was found in the TG and HDL-cholesterol levels following yogic practice of the different age groups. Levels of LDL-cholesterol decreased HR heart rate, SBP systolic blood pressure, DBP diastolic blood pressure, MBP mean blood pressure, DoP double product, RPP rate pressure, product and bpm beats per minute, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C lowdensity lipoprotein cholesterol *p<0.05; **p<0.01; and ***p<0.001; comparisons were made between initial base line values and the values obtained after yogic practice of the respective group using paired "t" test. ¥¥ p<0.01 and ¥¥¥ p<0.001, as compared to pre-exposure values of group A; one-way ANOVA followed by Tukey-Kramer's multiple comparison post hoc test was used to find out the difference between different age groups. ϕ p<0.05; ϕϕ p<0.01; as compared to pre-exposure values of group B; one-way ANOVA followed by Tukey-Kramer's multiple comparison post hoc test were used to find out difference between different age groups significantly in groups A (p<0.01), B (p<0.01), and C (p<0.05) following yogic practice (Table 3) .
Autonomic function, heart rate variability, and skin conductance Significant positive correlation was found between age and low frequency component of HRV (LF) before (p<0.01, r=0.346) and after (p<0.001, r=0.525) yogic practice (Fig. 4a) . LF was found significantly (p<0.01) higher with advancement of age in group C as compared to group A (Table 4) . It was decreased significantly in groups A (p<0.001), B (p<0.01), and C (p<0.01) following yogic practice (Table 4) . High-frequency component of HRV (HF) showed a significant negative correlation with age before (p<0.001, r=−0.500) and after (p<0.001, r=−0.546) yogic practice (Fig. 4b) . HF was significantly low in the higher age group, group C (p<0.001) while compared with group A. It was increased significantly in groups A (p < 0.001), B (p<0.05), and C (p<0.05) following yogic practice (Table 4 ). The ratio of the low-to high-frequency components of HRV (LF/HF) showed a significant positive correlation with age before (p<0.05, r=0.314) and after (p<0.001, r=0.433) yogic practice (Fig. 4c) . LF/HF was significantly (p<0.05) higher in group C as compared to Fig. 4 Correlation between age with heart rate variability (HRV) before and after yogic practice. a Correlation of age with lowfrequency component (LF) of HRV, b correlation of age with highfrequency components (HF) of HRV, c correlation of age with LF/ HF, d correlation of age with total power, e correlation of age with SDNN, f correlation of age with RMSSD, g correlation of age with mean RR, h correlation of age with pNN50, i correlation of age with skin conductance group A, and LF/HF was found to be decreased significantly (p<0.05) in groups A, B, and C following yogic practice (Table 4 ). Significant negative correlation was found between age and total power of HRV before Correlation between age with catecholamines, serotonin, stress hormones before and after yogic practice. a Correlation of age with nor epinephrine, b correlation of age with epinephrine, c correlation of age with dopamine, d correlation of age with serotonin, e correlation of age with cortisol, f correlation of age with adrenocorticotropic hormone (p<0.001, r=−0.420) and after (p<0.001, r=−0.479) yogic practice (Fig. 4d) . It was significantly (p<0.01) lower in group C as compared to group A (Table 4) . Total power increased significantly (p<0.01) in groups A, B, and C following yogic practice (Table 4 ). Significant negative correlation was found between age and SDNN before (p<0.01, r=−0.353) and after (p<0.01, r=−0.331) yogic practice (Fig. 4e) . It was increased significantly (p<0.01) in all the age groups following yogic practice as shown in Table 4 . Significant negative correlation was found between age and RMSSD before (p<0.001, r=−0.473) and after (p<0.01, r=−0.383) yogic practice (Fig. 4f) . Values of RMSSD increased significantly (p<0.05) in groups B and C, but there was insignificant increment of 32.02 % in group A following yogic practice (Table 4) . Negative and insignificant correlation was found between mean RR with age before (p=0.42, r=−0.105) and after (p= 0.215, r=−0.162) yogic practice (Fig. 4g) . It increased significantly in groups A (p<0.001), B (p<0.01), and C (p<0.05) following 3 months of yogic practice as shown in Table 4 . Significant negative correlation was found between age and pNN50 before (p<0.05, r=−0.289) and after (p<0.05, r=−0.414) yogic practice (Fig. 4h) . It increased significantly in groups A (p<0.001), B (p<0.05), and C (p<0.05) following yogic practice (Table 4) . Electromagnetic activity was measured in terms of SC, which was significantly and negatively correlated (p<0.01, r=−0.350) with age before yogic practice (Fig. 4i) . Insignificant negative correlation (p= 0.146, r=−0.189) was found between age and SC after yogic practice (Fig. 4i) . It increased significantly following yogic practice in groups A (p < 0.01), B (p<0.01), and C (p<0.001) as shown in Table 4 .
Catecholamines, serotonin, and stress hormones Levels of norepinephrine showed a significant positive correlation with age before (p<0.01, r=0.407) and after (p<0.01, r=0.381) yogic practice (Fig. 5a ). Levels of norepinephrine were significantly (p<0.01) higher in group C as compared to group A (Table 5 ). There was insignificant reduction of 22.42 and 22.16 % in norepinephrine level in groups A and B, respectively, following yogic practice (Table 5 ). Significant reduction (p<0.05) of levels of norepinephrine was observed in group C following yogic practice (Table 5 ). Significant positive correlation was found between levels of epinephrine and age before (p<0.001, r=0.516) and after (p<0.001, r=0.474) yogic practice (Fig. 5b) . Levels of epinephrine were significantly (p<0.001) higher in group C as compared to group A (Table 5) . Levels of epinephrine decreased significantly following yogic practice in groups A (p<0.05), B (p<0.05), and C (p<0.01) as shown in Table 5 . No correlation was observed between dopamine and age before yogic practice (p=0.47, r=−0.093) as shown in Fig. 5c . Significant negative correlation (p<0.001, r=−0.491) was found ϕ p<0.05; as compared to preexposure values of group B; one-way ANOVA followed by Tukey-Kramer's multiple comparison post hoc test were used to find out the difference between different age groups between levels of dopamine and age after yogic practice (Fig. 5c) . It increased significantly in groups A (p<0.001) and B (p<0.05). An insignificant increment of 21.23 % was noted in group C following yogic practice (Table 5 ). Significant negative correlation was found between levels of serotonin with age before (p<0.05, r=−0.313) and after (p<0.001, r=−0.429) yogic practice (Fig. 5d) . Levels of serotonin were significantly (p<0.05) low in group C as compared to group A (Table 5) . Levels of serotonin increased significantly in groups A (p <0.05), B (p<0.05), and C (p < 0.05) following yogic practice (Table 5 ). Significant positive correlation was found between levels of cortisol with age before (p<0.01, r=0.381) and after (p<0.01, r=0.391) yogic practice (Fig. 5e) . Levels of cortisol was significantly higher in group C as compared to groups A (p<0.01) and B (p<0.05) as shown in Table 5 . Cortisol level decreased significantly (p<0.001) in groups A and B following yogic practice (Table 5 ). Insignificant reduction of 23.5 7 % was noted in cortisol level in group C following yogic practice (Table 5) . We did not found any correlation between levels of ACTH with age before (p=0.061, r=0.162) and after (p=0.065, r=0.239) yogic practice (Fig. 5f) . ACTH was decreased significantly (p<0.01) in group A following yogic practice (Table 5 ).
Brain-derived neurotropic factor
Levels of BDNF were significantly (p<0.05) low in group C as compared to group A (Fig. 6a) . It was increased significantly following yogic practice in groups A (p<0.001), B (p<0.01), and C (p<0.001) as shown in Fig. 6a . Levels of BDNF were significantly and negatively correlated with age before (p<0.01, r=−0.352) and after (p<0.01, r=−0.446) yogic practice (Fig. 6b) .
Discussion
In this study, BW and BMI increased significantly with advancement of age, though there was a trend of reduction in mean values of these two parameters following yogic practice in groups B and C; these increased in group A. Due to more physical activity, fat deposition was prevented in younger age, whereas less physical activity in advanced age may be associated with fat deposition and increases body surface area, which causes an increment of BW, and BMI with advancement of age. Ray et al. (2001) stated that body weight was decreased; in contrast, Selvamurthy et al. (1988) reported increment of body weight following yogic practice. Sahay (2007) has also reported a significant decrease in the body fat and increase in lean body mass in type 2 diabetics following yogic intervention. A significant reduction in the skin fold thickness in normal healthy volunteers was also reported in the literature (Bera and Rajapurkar 1993) .
Significant increase in HR, SBP, DBP, and MBP was noted in the present study with advancement of age. HR, SBP, DBP, and MBP was decreased significantly in senior age groups following yogic practice; however, insignificant change was noted in all components of BP in group A. Environmental conditions and variety of behavioral factors such as stress and anxiety may increase HR, SBP, DBP, and MBP of the individual. In developed or developing countries, day-to-day stress and tension is a major factor to increase BP with advancement of age. As yoga is known as a stress reliever, it has the beneficial role to Fig. 6 Effects of age and yogic practice on brain-derived neurotropic factor (BDNF). a Effects of yogic practice on levels of BDNF of different age group, b correlation between age and BDNF before and after yogic practice decrease stress and anxiety as well as HR, SBP, DBP, and MBP (Chung et al. 2012) . Stress-induced cortisol levels have been found to have positive correlation with blood pressure (Fraser et al. 1999 ). The present study showed that there was a positive correlation of ACTH and cortisol levels with age. Thus, it may be stated that increase in cortisol level with advancement of age directly increase HR and blood pressure (SBP, DBP, and MBP). It was also noticed that levels of cortisol decreased significantly following yogic practice and this may reduce heart rate and blood pressure (SBP, DBP, and MBP) significantly. Apart from that, a strong relationship between BMI and blood pressure is well known, and weight reduction is associated with a mean decrease in blood pressure (Fraser et al. 1999; Stamier et al. 1978 and Relsln et al. 1978) . Advancement of age associated with increment of TC, TG, LDLcholesterol and decrement of HDL-cholesterol may increase peripheral resistance as well as BP (Fraser et al. 1999) . As yogic practice decrease TC, TG, LDLcholesterol and increase HDL-cholesterol may decrease BP. Yogic practices have beneficial role to decrease BP and HR by changing homeostasis, and practitioner goes towards parasympathodominance (Murugesan et al. 2000; Selvamurthy et al. 1998) . The ratio of low-to highfrequency spectral powers has been used as an index of sympathovagal balance (Eckberg 1997) ; increase with advancement of age also increase BP and HR, and decrease following yogic practice shifted the individual towards parasympathodominance also decrease BP and HR. Increment of epinephrine and norepinephrine resulting in advancement of age may have an important role to increase BP. Increased BP with advancement of age, in this study, may be due to increase in total peripheral resistance. Resistance may be due alteration of fluid composition and volume with progression of age. Prevalence of declining renal function in aging is recognized as renal mass decreases by 20 to 25 % between the ages of 30 and 80 years (Beck 1998) . Age-related accumulation of extracellular matrix, expansion of glomerular mesangium, and alteration of tubular epithelial transporters are also commonly reported (Muhlberg and Platt 1999) . These factors contribute to an overall decline in glomerular filtration rate and impairment of tubular re-absorptive function that compromises the ability of kidneys to maintain proper extracellular fluid volume and composition. Alteration of extracellular fluid volume and composition may increase blood pressure. Selvamurthy et al. (1998) stated that yogic practices have the ability to decrease sodium and potassium concentration and also decrease rennin activity in the blood to decrease BP towards normal in the hypertensive patient. Selvamurthy et al. (1998) showed progressive decrement of norepinephrine and epinephrine, which decreased systolic and diastolic blood pressure following selected yogic practice in the hypertensive patient. Plasma epinephrine and norepinephrine concentration was decreased in this study and may decrease BP.
RPP is an index of myocardial oxygen consumption, and DoP indicates load on heart (Gobel et al. 1978) . RPP and DoP were higher in the higher age group. These two indices showed a decrement following yogic practices due to decrease myocardial oxygen consumption and load on the heart. RPP is derived from SBP multiplied by HR, and DoP is derived from MBP multiplied by HR (Gobel et al. 1978) . Findings of this study show that HR and BP is positively correlated with age and may increase RPP and DoP. RPP and DoP decrease following yogic practice may be due to decrease in BP and HR. Madanmohan et al. (2005) showed that pranayama have the role to decrease RPP and DoP.
TC increased significantly with advancement of age, and it may be due to increase in fat deposition. Although visceral fat was not specifically assessed in this study, body weight and body mass index was higher in elderly subjects compared with their younger mates as reported in earlier studies also (Malaguarnera et al. 1998) . Essig et al. (2004) also found body fat content, TG, TC, and LDL-cholesterol to increase in men and women with age. HDL-cholesterol was decreased with advancement of age in this study. TC and LDL-cholesterol decreased significantly following yogic practice. This may be due to increased activity of lipase enzyme at the cellular level, which affects the metabolism of lipoprotein and thus increase uptake of triglyceride by adipose tissues (Delmonte 1985; Tulpule et al. 1971) . Apart from that, yogic practice may decrease the absorption of fatty acid from gastrointestinal tract, which may decrease TC, LDL-cholesterol, and BMI. Singh et al. (2008) and Gordon et al. (2008) reported a significant reduction in free fatty acids, LDL cholesterol, very low density lipoprotein cholesterol, and an increase in HDL cholesterol following yogic practice.
The results of this study revealed that aging was accompanied by an overall decline in autonomic nervous system activity. Components of HRV such as LF, HF, LF/ HF, TP, SDNN, RMSSD, and pNN50 are translated as benchmarks to test the autonomic functions. Decreased values of HF, TP, SDNN, RMSSD, mean RR, and pNN50 and increased values of LF and LF/HF was noted with advancement of age. Jensen-Ustad et al. (1997) observed that progression of age lowered the values of heart rate variability and shifted the individual towards sympathodominance. TP, the principal index of general sympathovagal tone, exhibited a significant negative correlation with age. Age-associated decline in TP undergird previous findings (Kuo et al. 1999; Zhang 2007) . Based on striking resemblance between LF, an index of sympathovagal modulation, TP, and LF was seen as a potential indicator of ANS activity as a whole. The present study showed that a significant positive correlation of LF with age might decrease sympathovagul modulation. However, opinions on LF as a marker of sympathetic activity are diverse in reported literatures (Fagard 2001; Zhang 2007) . As LF is translated as a benchmark of sympathetic activity, sympathetic capacity was observed to increase with age in the current study. SDNN and HF, the two indices of vagal modulation, demonstrated negative correlations with age. Consequently, parasympathetic activity declined with age. These finding is in the same line of the previous study (Kuo et al. 1999; Zhang 2007) . Autonomic balance is predominated by sympathetic activity with increasing age as indicated by normalized values of LF and HF. Ratio of low-to high-frequency spectral powers has been used as an index of sympathovagal balance (Eckberg 1997 ). The present study showed that significant enhancement of LF/ HF may shift the individual towards sympathodominance with advancement of age. LF in powers, quantifying the ratio of sympathetic to parasympathetic activity, indicates lower sympathetic activity following yogic practice. LF, the quantitative marker of sympathetic activity expressed in normalized units, decreased following yogic practice, indicating lower sympathetic activity (Malliani et al. 1997) . Yogic practice have the ability to decrease LF/HF and may be associated with sympathovagul balance and shift the individual towards parasympathodominance. Observed decrease in LF power (normalized units) and corresponding increase in HF power (normalized units) are similar to that observed in men following the practice of yoga (Patil and Telles 2006) . Time domain index of HRV, SDNN, square root of variance, and a measure of overall HRV increased following yogic practice. Increased HRV signifies extent of the ability of the cardiac ANS to accommodate wide variations, but not the rate of response. Time domain measures (i.e., mean R-R interval, SDNN, RMSSD, and pNN50) are recognized to be strongly dependent on the vagal modulation (Massin et al. 1999) . pNN50 increased following yogic practice for an increased complexity in the dynamics of the heart. Moreover, there are significant increase of parasympathetic activity, as evidenced by increase in HF component, and a calming effect on the heart, as evidenced by increased variation in inter-RR intervals.
Bioelectromagnetism, as SC, showed a significant negative correlation with age. Earlier studies support this fact (Barontini et al. 1997) . A total of 3 months yogic practice increased SC. SC is directly related to wound healing and any age-related emotions. SC is under the control of sympathetic nervous system and reflects activity of eccrine sweat glands and release of neurotransmitter acetylcholine (Cacioppo et al. 1997) . Normally, the sweat gland offers low resistance to current when passing through the electrodes. Inactivity of the glands increase resistance of the membrane. The activity of the different areas of the central nervous system like the hypothalamus, reticular formation, and cerebral cortex is being reflected on the sweat gland. Hence, changes in the activity of the sweat gland are closely related to one's arousal, awareness, levels of tension, and relaxation (Woodworth and Schlosberg 1971) . This results were also supported by other observations (Kumar and Joshi 2009; Panjwani et al. 1995) .
Epinephrine and norepinephrine are catecholamines secreted from adrenal medulla and acts through the alpha and beta adrenergic receptors. These two catecholamines increased significantly with advancement of age and may be due to increase sympathetic activity. Levels of plasma epinephrine and norepinephrine was decreased following yogic practice. Earlier study also supports this fact (Selvamurthy et al. 1998) . Physical and or mental stress is responsible for the activation of the hypothalamopituitary adrenal axis producing epinephrine and norepinephrine and increase sympathetic activity. Decreased stress as measured by ACTH, cortisol, and HRV following yogic practice may decrease the levels of epinephrine and norepinephrine; discharge of alpha and beta receptors decrease BP and HR.
Serotonine is a local hormone responsible for moods and behavior. It decreased with advancement of age and may be due to alteration of autonomic function, and aging might make people prone to stress (increase cortisol level with advancement of age) and anxiety. Yogic practice modulate the levels of stress (cortisol and HRV), and decrease anxiety may increase levels of serotonin in the practitioner. Levels of serotonin has not been assessed earlier following yogic practice. Change in the levels of serotonin may be due to relaxation of central and or autonomic nervous system being reflected by levels of cortisol and components of HRV and BP. Apart from that, yoga has substantial antidepressant effects that correlated with elevation of plasma BDNF levels, and this is agreement with other observations (Naveen et al. 2013) .
From the present study, it has been observed that aging has negative correlation with BDNF-a key mediator of neuronal plasticity in adult, adult neurogenesis, and brain aging. BDNF has survival-and growthpromoting actions on a variety of neurons, including dorsal root ganglion cells (Acheson 1995) and hippocampal and cortical neurons (Huang and Reichardt 2001) . A significant improvement in the BDNF level has been noticed for the entire groups in response to yogic practice. Decrement of BDNF level with age may be due to moods and loneliness with advancement age. Another possible cause of decrement of BDNF level with advancement of age is associated with prevalence of some neuro-endocrine or brain disorders like Parkinson's disease, which is also related to decrease dopamine concentration with age. Earlier studies also showed that BDNF has a negative correlation with age (Lommatzsch et al. 2005) . Improvement in levels of BDNF following yogic practice may be due to decrease stress level, shown by decrease cortisol levels, and improved HRV variables. Except that, yogic practice has a direct role on improvement of moods and also have beneficial role to make well neuro-or psychological disorders as measured by increase serotonin and dopamine levels. Previous researcher showed that yoga has the beneficial role to improve cognition and BDNF levels (Xiong, and Doraiswamy 2009, Naveen et al. 2013) . Yogic practices also have potentially beneficial effects on lipid profiles and lower oxidative stress, both of which could in turn reduce the risk for cerebrovascular disease-and age-related neurodegeneration (Singh et al. 2008; Sinha et al. 2007 ). Further, meditation may potentially strengthen neuronal circuits and enhance cognitive performance (Froeliger et al. 2012) . Increment of levels of serotonin and dopamine following 3 months of yogic practice also support the above-mentioned fact. Another important mechanism revealed from the present study that yogic practice lowers the age-related enhancement of epinephrine and no epinephrine level. Along with these, it shifts the individuals towards parasympathodominance by improving HRV parameters. This observation is in corroboration with previous studies of other researchers (Selvamurthy et al. 1998 ).
Age-associated changes in hypothalamo-pituitaryadrenal axis has been well accepted (Kuzina et al. 2010 ). The present study also showed higher cortisol level in the older age group than their younger mates. Reduction in heart rate, blood pressure, oxygen consumption, and improvement in HRV parameters are associated with physical relaxation. This may decrease cortisol and ACTH levels. Apart from serotonin, dopamine showed an improvement and is directly related to mental relaxation and may decrease cortisol and ACTH. Moreover, yogic practice has a beneficial role to shift individuals towards parasympathodominance and make practitioner calm and quiet, which may decrease cortisol level significantly in yoga practitioner. Previous researchers showed that yogic practice have beneficial role in decreasing cortisol level and making architectural change on the EEG alpha wave with the practitioner going towards the relaxation state (Field 2011) .
The present study suffers from some limitations that need to be acknowledged and addressed. One of these is the relatively small sample size in each group. An additional limitation is that this study is a single-arm study without any separate control group. Except the above limitations, the study has a greater applicability in scientific yoga research. Studies of yogic intervention and its therapeutic application over many patients have been accepted and well documented in earlier research but, effects of yogic practice on physically as well as mentally healthy and active service personnel as reported in the present research are very few. Yogic practice has effects on levels of BDNF, serotonin, dopamine, epinephrine, and norepinephrine. So, the focus of this study, the effect of yoga on age-related degenerative changes, has greater applicability in the field of yoga and/or physical activity research.
Conclusion
Based on the results of the present study, it may be concluded that the aging process has an active role on degenerative changes in cardiometabolic risk factors, autonomic functions, and monoamines as well as levels of BDNF, which may revert back towards normal or near-normal levels through yogic practice in healthy active males.
